Europium doped yttrium vanadate (YVO4:Eu) phosphor thin films were grown using a pulsed laser deposition (PLD) technique on silicon substrate. The structural characterization carried out on a series of YVO4:Eu films at post annealing temperature in the range of 550 o C-1150 o C indicating that films were preferentially (200) show the great concentration dependency, which can be used as a good parameter to control the composition of YVO4:Eu thin film.
Introduction
The development of new types of flat panel and projection displays has created a need for optical phosphors with new or enhanced properties. The interest in phosphor nanocrystalline thin films has been growing because of their potential application in high resolution devices such as flat panel devices. Displays with thin film phosphors have higher contrast, resolution and thermal conductivity as well as a high degree of uniformity and better adhesion. 1 Most of phosphor materials consist of multi-components from 3 to 5, and their luminescence efficiency is largely affected by concentration of activator which is responsible for luminescence of phosphor. 2 One of the most important things in deposition of phosphor thin film is stoichiometric transfer of target material to substrate. It is well known that the pulsed laser deposition(PLD) can produce a wide variety of complex compounds with controlled compositions and properties. 3 YVO 4 has been widely used as a host lattice for lanthanide ions to produce phosphors emitting a variety of colors. 4 Eu 3+ -activated YVO 4 is an important commercial red phosphor used in the cathode ray tube displays, the high pressure mercury lamp, thermographic sensing, 5 and thermoluminescence, 6 4 3− group. 8 YVO 4 :Eu phosphor is recently attracting the attention for application to field emission display(FED) devices due to its sulfur-free composition and fabrication of thin film in relatively low temperature. 9 Thin films of YVO 4 :Eu phosphor have been prepared by a variety of deposition techniques, such as chemical vapor deposition (CVD), 10 spray pyrolysis 11 and sol-gel method. 12 These methods suffer from either a lack of cryatallographic orientational control or the incorporation of vanadium-poor or rich nonstoichiometric phase. PLD is an attractive synthetic method for the growth of high-quality crystalline films because it is simple, relatively cheap and reliable technique, which yields high-quality films of various materials. We have investigated on the structural characteristics and photoluminescence(PL) properties of YVO4:Eu films prepared by PLD which has been known as a unique process providing stoichiometric transfer of target materials. 2 at room temperature using a frequency tripled Nd:YAG Laser (Quantel, Brilliant B) with 5-ns of pulse width. The laser pulses of 10 Hz were focused onto the rotating target using a quartz lens with 35 cm focal length at a 45 o oblique incidence, and energy densities were approximately 2 J/cm 2 . A substrate was set at a distance of 50 mm parallel from the target surface. The films deposited were subsequently postannealed in air at various temperature.
The structural and phase identification was carried out using an X-ray diffractometer (MacScience Co. MXP-3V) with Cu-K α radiation. Cross-sectional and plane views were obtained using a scanning electron microscope (SEM) (Hitachi Co. S-4200). The PL spectra were measured using a spectrofluorometer (Shimadsu, RF-5301PC) at excitation wavelength of 254 nm. To observe the decay profiles of PL, emission from the sample after excitation by a pulsed laser (Quantel, Minilite II) of 266 nm with pulse width of 5 ns was passed through a monochromator (McPherson 275) with a glass filter in front of the entrance slit. Signals were detected with a photomultiplier tube (Hamamatsu R928) and were stored using a digital storage oscilloscope (LeCroy 9310A).
Results and Discussion
To determine the optimized growth condition for high luminescence of YVO4:Eu film, a systematic study of the effects of annealing temperature and oxygen pressure was carried out. (200)direction in high temperature is well agreed with Korzenskis result in Nd:YVO4 thin film deposition on sapphire substrate. 13 These changes in film orientation with increase of annealing temperature were reported in deposition of Y2O3:Eu film by K. G. Cho et al. 14 According to their results, at high temperature, the mobilty of thermally activated atom in grain and grain boundary regions dirupts the low energy configuration and allows a transformation in film growth to the best matched orientation with substrate. Therefore, for the YVO4:Eu films on bare silicon, (200) crystalites seem to be well-aligned to the flat silicon surface at high temperature.
The SEM images of films annealed at different temperature (Figure 2 19 the phosphor films grown in higher oxygen pressure have rougher surfaces than films grown in lower oxygen pressure. The increase in roughness with increasing growth pressure is attributed to enhanced particulate formation in the laser induced plume which is a typical characteristic of high pressure laser ablation. 20 The reduced internal reflections caused by rough surfaces probably bring about improvement of PL performance in YVO4:Eu films grown at higher oxygen pressure.
In YVO4:Eu, ultraviolet radiation excites the host lattice and then transfers to the Eu 3+ ion of The use of short laser pulses in PLD is more likely to achive congruent ablation that allows PLD to preserve stoichiometry during mass transfer from the target to the thin film. Immediately after the laser irradiation, the plume which consists of a mixture of energetic species including atoms and molecules, rapidly expands into the vacuum from the target surface to form a jet with hydrodynamic flow characteristics. The richness of Eu 3+ in thin film might be caused by more rapid decrease of lighter species with small momentum due to the collisions with the background gas as the plume expands from target. Though the specific effects of target-to-substrate distance and ambient pressure are expected on these mass discrimination in plume expansion, it could not be observed in our experimental condition.
In summary, it has been shown that the surface morphology and hence the luminescence properties can be altered significantly by changing the PLD growth conditions. A post-annealing treatment led to a significant improvement in brightness of YVO4:Eu films. Though the post-annealing at 1150 o C in this study is definitly concern for flat pannel manufacturers that currently use low temperature substrates, the main purpose of present work is understanding the conditions required to produce efficient phosphor films and the further study will be possile to find the film fabrication process at low temperature for flat panel display with combination with modified surface and substrate. 
